Abstract. In recent years video game consoles, such as the Nintendo Wii TM and the Microsoft Kinect TM , have been introduced into residential facilities. This paper presents a review of current studies documenting the benefits and detriments the Wii could have on adults aged 60 years and over in residential facilities, concentrating on the common uses of the Wii in care facilities: maintaining physical fitness, promoting mental well-being, encouraging social interaction and both physical and mental rehabilitation. Furthermore, this paper discusses the potential use of the Microsoft Kinect in care for older persons. The Wii can have a positive impact on the physical and mental health of older adults living in care facilities, but additional work should still be conducted, including assessing the use of games outside of Wii Sports and Wii Fit and possible non-gaming application of the Wii in care for older adults. Results for the Wii display potential for use of the Kinect in care facilities but further exploration is required to assess the potential physical impact and interaction viability.
Introduction
The Nintendo Wii TM , which was released in 2006, brought a new approach to interaction when playing games. Prior to the launch of the Wii, the primary method of interacting with a video game console involved multiple button pressing and moving joysticks on a controller. The Wii changed this with the introduction of the Wii Remote, a device resembling a television remote which includes built-in motion sensors that wirelessly translates its movement directly into game actions. This new method of interaction lowered the barrier of entry to video games, making games accessible to groups of people who had never previously con-sidered playing video games. In addition to the new controller, many Wii games include multi-player components which allow gamers to play with their peers on the same console. This addition of social interaction makes the Wii more appealing to groups that typically do not play video games, such as older adults [1] . The provision of leisure and pleasant activities to older adults is a serious challenge within the domains of care and technology, in particular gerontechnology [2] . For example, the design and development of the game "Chitchatters" utilizing a qualitative approach (observation and use of probes) for older adults with dementia [3] .
A recent development in video game hardware has been the Microsoft Kinect TM , which was released in 2010. The Kinect is unique in the game console market because it removes the need for a controller to interact with the Xbox 360. This is accomplished by utilizing a series of cameras and microphones to track the player's body, allowing them to interact directly with the game [4] . By facilitating direct interaction, the Kinect has the potential to broaden gaming audiences further than the Wii, and could entice people who may not be willing or physically able to use a controller, through direct interaction with the Kinect rather than the controllers offered by the Wii or Sony PlayStation 2 (PS2).
According to the Entertainment Software Association (ESA), between 2004 and 2011 the population of gamers who are older adults, classified as over the age of 50, grew from making up 9 per cent [5] of the total gaming population to 29 per cent [6] . It is possible that part of this growth can be attributed to new gaming systems like the Wii, which make video games more appealing and accessible to older adults and the placement of video game consoles in care facilities.
In recent years video game consoles, such as the Wii, have been introduced into residential facilities. Therefore, the question posed: should video games be used in residential care facilities for older persons? De Kort et al. [7] stipulate, " [d] igital game play has the potential to support seniors in creating meaning and enjoying leisure time together or alone, and to train and uphold cognitive and motor abilities" (p. 247). While this statement gives a broad overview of the benefits video games offer to an aging society, it is to note that little work still exist in understanding the potential benefits to integrating video consoles into housing environments.
The primary objective of this paper is to present an overview of the use of commercial video game technology (Nintendo Wii/Microsoft Kinect) and the respective software (Wii Fit/Sports and Kinect Sports) which has been utilized within long-term care (LTC) facilities. Based upon the studies identified through a literature search which utilized video game technology, two research questions were identified: (1) how does the use of video game technology facilitate the physical, social and mental well being of older adults, (2) and what type of software is suitable for older adults. This review aims to present the benefits and detriments of video game technology for use within residential care facilities.
Method
Data synthesis methods were implemented and presented in Table 1 . A comprehensive search of literature was undertaken using electronic databases (PubMed [Medline], JStor and Scopus), ACM, the Internet, and Google/Scholar, and article reference lists. Several search terms were included: "Nintendo Wii", "elder care", "elderly", "geriatric", "Kinect", "senior", "fitness", "group care", "Wii", "Nintendo Wii Remote", "Wiimote", "Nintendo Wii Balance Board", "Wii Sports" and "Wii Fit". The university network was primarily used for sourcing articles. The search was utilized from January 2000 to midJanuary 2012, for English language articles. Non-peerreviewed sources were not included in the search, but were reviewed for suitable articles. Contributions to reviewed conference proceedings were included. For a further and more specific search, a combination of keywords was used in the Pubmed and Scopus research databases. The following combinations of keywords were selected: Wii OR Kinect; AND older adult OR senior OR elderly OR geriatric; AND care OR health OR fitness.
Data synthesis
The Preferred Reporting of Systematic Reviews and Meta Analyses (PRISMA) guidelines were used for systematic data synthesis [8] . Employing PRISMA was primarily for the methodological approach, following the recommended guidelines for in/exclusion criteria, data collection process and a summary of items and measures.
Data collection process
Collection of information included the study design, sample size, methods of effective measurements, and outcomes. Accepted articles included the inclusion criteria; Nintendo Wii console, Nintendo Wii Sports, Nintendo Wii Fit, long term care facilities, Nintendo Wii Balance, sheltered housing, nursing homes, exercise and elder care. Selected articles were based on title and a review of the abstract to identify the suitability for inclusion. Excluded articles included age, health (stroke, Parkinson's disease, burns, cerebral palsy, coronary) reviews, setting, clinical perspective, subjects (children/young adults/intergenerational interaction), other (cost efficiently, devices newsletters, editorials, and frameworks), fall prevention strategies, virtual rehabilitation, balance and exercise, and non-peer reviewed contributions (Table 1) .
Data items and summary measures
The ultimate outcomes for this review include: utilization of augmented reality for the purpose of fall/balance prevention and exercise strategies and how the implementation of specific information such as exercise programs can potentially be of benefit for individuals in conjunction with technology.
Results
Overall there have been six studies which have utilized the Nintendo Wii console for the purpose of wellbeing, physical/social activity [9] [10] [11] . When conducting this study, there were only eight studies published referring to or utilizing the Microsoft Kinect console. These studies have been excluded because they do not fit the in/exclusion criteria. However, it is anticipated in the future additional studies will be published exploiting this technology.
The format for the results section will provide an overview of two sections which relate to the use of the Wii console in care for older persons: (1) activities where the Wii was used, including physical fitness, mental fitness, social interaction, and (2) software that were played in care for older persons.
Activities for promoting physical fitness, mental well-being and social interaction
The most common activities identified from the studies included: maintaining physical fitness, promoting mental well-being, encouraging social interaction. Utilizing the Wii console throughout residential care environments has the potential to integrate and maintain physical fitness. Four articles were sourced which focused on the types of activities where the Wii was used in care for older persons [9] [10] [11] [12] .
The primary psychological benefits of the Wii came as a result of the console, allowing older adults to virtually participate in activities that they were no longer physically able to take part in. Jung et al. [11] suggest the virtual environment of the Wii gave older adults the unique opportunity to have ownership and control over their surroundings, which had a positive effect on their mental state. Overall, the articles sourced found the Wii had a positive psychological impact on older persons. Some, such as Jung et al. [11] , established that the older persons playing on the Wii console had higher self-esteem and better mental well-being than their peers who engaged in traditional care activities for older adults.
Another area that was not explored in the sourced articles is the use of the Wii for non-gaming activities in residential communities. In addition to games, the Wii has the ability to be used as a web browser, photo projector and a communication channel [15] . This opens up many potential uses for the Wii in care facilities. One possibility is using the web browser to deliver personalized or community-specific news. An alternative use of the Wii is facilitating communication with friends and family through e-mail or using voice communication and avatars to talk to friends, family and other residential communities. Another possible application of the Wii could be to share photos and stories with other members of the residential community. Further investigation is required to determine if the nongaming capabilities of the Wii would fit within residential care facilities.
Part of the encouragement for social interaction derives as a result of the use of avatars in Wii games. Avatars provide a virtual projection of a person into a game world. Jung et al. [11] noted, by allowing players to build their own avatars, the Wii gives older persons the unique opportunity to interact with other people using an appearance of their own choosing, which enhances their confidence. This boost in confidence allows the older persons to more easily interact with people in the virtual world than with people in the real world.
The multiplayer focus of the Wii encourages people to play in groups, thus encouraging older persons to interact with people they would not normally associate with, including peers and family members, building upon intergenerational relationships. Jung, et al. [11] observed gaming sessions using the Wii console reduced the hostility between individuals and encouraged greater interaction than traditional residential care activities. Examining the effect of interaction on the Wii between older persons and individuals, De Schutter and Vanden Abeele [16] concluded the Wii provided a unique opportunity for older persons to interact with younger generations. Overall, the articles found the Wii had a positive impact in encouraging older persons to socialize. This impact is noted by Harley et al. [9] who concluded, "residents have clearly been able to actively construct socially meaningful engagement for themselves around using the Wii".
To facilitate social interaction within residential facilities, the game Kinectimals allows the player to interact with a virtual pet of their choice from: a cheetah cub, a tiger cub, a panther cub, a lion cub or a leopard cub [17] . It has the potential to be used to promote mental well-being in older adults that are not physically or mentally able to have a real pet. Kinectimals has the potential to be used in a group scenario, promoting social interaction between older persons interacting with the same virtual pet. However, given the lack of actual contact the player can have with the pet, and the confinement of the pet to the television screen, further studies are needed to assess the benefits or harm that a virtual pet could have on a older persons community. Given the similarities between these games and games on the Wii that are used in residential care facilities, there is potential for Kinect games to be used for similar purposes (social programs, exercise programs, and rehabilitation) care facilities.
Similar to the Wii, the Kinect has potential for nongaming usage in residential care. Some possible applications include: video communication with friends, family and other residential communities, sending email using text-to-speech and speech-to-text (allowing older persons who are unable to use a keyboard, or unable to read a computer screen, to send and receive e-mail), and creating personalized services (for instance, television, music, medical reminders) through face and voice recognition [17] . Further investigation is required to determine the potential for both gaming and non-gaming capabilities of the Microsoft in care facilities.
Software
Wii Sports was utilized in four of the six studies [9, 11, 14, 20] and facilitates the choice of five different games: tennis, baseball, bowling, golf, and boxing, using their avatar against both human and computercontrolled opponents. Table 2 presents the studies which used the Nintendo Wii Sports or Fit software throughout their investigations. Additionally, the articles focused on the increase activity participation by the participants in the respective studies, many of whom were currently unable to physically take part in the actual sports. The simulation capability of the Wii enables older adults to experience tennis or bowling past the point where they are physically able to participate in the real sport [21] . One perceived aspect to this simulation is the physical interaction required by the Wii controller, which simulates the motion of the sport adding to a greater sense of immersion than other consoles [11] .
The Wii Fit game was utilized in two of the six studies [12, 13] , utilizing a specialized piece of hardware, known as the Wii Balance Board, to guide the player through a series of exercises. The software allows basic user information to be recorded such as BMI and progress throughout the exercises, indicating to the user how proficient they are during the exercise program.
Overall, these articles found that the Wii Fit provided good motivation for older adults to exercise. Pigford and Andrews [13] found the interactive environment, goals, and feedback provided by Wii Fit help to motivate their participants and improve performance in exercises that are usually found repetitive. Several studies used Wii Fit in balance rehabilitation and iden-tified the peripheral could be an inexpensive replacement for existing systems. Pigford and Andrews [13] contend the Wii Fit has similar affects to hundred thousand dollar balance rehabilitation equipment. Most articles found Wii Fit to be an effective supplement to existing exercise programs. As Nitz et al. [12] concluded the Wii Fit had a significant impact in improving the balance and mobility of their participants.
To date, there are three games which have the potential to be used in residential care: Kinect Sports, Kinectimals and Fitness Evolved. Kinect Sports is a game that simulates 6 sports: bowling, boxing, track and field, table tennis, volleyball and soccer [24] . Fitness Evolved is a game that guides the player through a series of fitness routines, including: stretching, kickboxing, yoga, tai chi and palates [25] . Similar to Wii Fit, but without the need of extra peripherals, Fitness Evolved has the potential to supplement or replace fitness programs in care facilities. Similar to Kinect Sports the interactions with Fitness Evolved are almost identical to the actual activities, so further investigation is required to ensure that the physical requirements of Fitness Evolved are appropriate for older persons who are unable to participate in existing exercise activities due to health problems.
Discussion
This paper has presented two areas (1) physical, social and mental well being, and (2) software, which have been identified from the six studies utilizing the Wii console within LTC and nursing home facilities. Overall the results have shown a positive response to the use of the Nintendo Wii console within this environment. In particular, the facilitation of spatial ownership, peer socialisation, role creation during game play [9, 11] and enjoyment [10] . At present there no or limited studies which have utilized the Kinect console and based on the in/exclusion criteria have not been selected for this paper.
The nature of interaction undertaken on the Wii console requires the user to physically move the controller to perform actions, rather than pressing multiple buttons or moving a joystick. This approach changes in the way players interact with the console naturally resulting in physical exercise. Conversely, one study reported how the participants did not complain of stiffness or shoulder discomfort, however, they were more likely to experience hand complaints [10] . Furthermore, the Kinect console adopts the approach of natural gesture movement, potentially offering users the option to engage with the environment more easily. However, additional study is required, whereby the focus of flow experienced by prospective users in comparison to the Wii console is needed.
The general type of software which has been utilized comprises of games within the Wii Sports/Resort and Wii Fit programs. Although this content may suit a broad audience for some people the available choices may not be what they would prefer to play. Taking this into account, it is suggested identifying what type of activities which may include hobbies and interests individuals prefer. Marston [22] conducted a series of workshops which enabled the participants to create their own game concepts based on their hobbies and interests. However, the identification of software in particular the content and applications available via the Kinect may provide future users with greater choice for physical, mental and social interaction.
Some games are specifically tailored to promote physical activity [11] . The Wii Fit game simulated an upper-body workout with positive physical results [12] . The physical effects of playing Wii games displayed the Wii could be used as a substitution for existing physical exercise programs in care for older persons, and even had the added benefit of providing mental stimulation [1] . These findings echo [23] , who outline their Wii program had similar physical affects to the Up and Go and 12-min walk programs currently offered in their residential care facility. The beneficial effects of incorporating the Wii into the physical fitness of adults living with community dwelling were found by Wollersheim et al. [20] , who concluded: "[T]he improvements indicate that, when Wii is incorporated into the daily lives of the elderly in these facilities, with time the psychological changes are likely to translate to an actual improvement in the elders' quality of life, and even evident physical and health improvements" (p. 51).
It is to be noted, there are differences between community dwellings and LTC facilities, and with this in mind, future work could investigate the feasibilities of using such technologies for social, physical and wellbeing amongst a range of adults and environments.
The articles focus on the use of Nintendo Wii console, including the Wii Sports/Fit, in residential care facilities. The use of these game titles could be explained simply because these three titles are bundled with the Wii hardware (Wii Sports is bundled with the Wii console and Wii Fit is bundled with the Wii Bal-ance Board). However, as discussed by Marston [22] , the most popular genres of games for older adults (in order of popularity) are puzzle, adventure, platform and shooter. There are many Wii titles that fall under these genres which might be preferred by older persons over Wii Sports and Wii Fit. Further investigation is required to determine if additional Kinect and Wii games might be beneficial in a residential care environment.
Similar to Wii Sports, Kinect Sports has potential to be used in residential care as a replacement for other exercise/sports programs. However, given the Kinect uses full-body interactions which are close to the movement required to play the actual sport, the physical exertion required to play Kinect Sports may not be appropriate for older persons who are unable to play real sports due to health problems. Further studies are needed to assess the physical requirements of Kinect Sports and if it can be used in geriatric care.
The potential benefits of deploying the Nintendo Wii TM and the Microsoft Kinect consoles into residential care facilities enables older adults to implement or maintain physical fitness through a series of programs primarily facilitated by the Nintendo brand (Wii Fit, Wii Sports/Resort). In addition, social and well-being can be a positive factor, allowing up to several people to play one game, building up a competitive aspect and potentially implementing a league table.
However, when learning to use the Wii, the older adults must learn how to use the buttons and pointing capabilities of the Wii Remote. The opportunity to interact via gesture and speech recognition offered by the Kinect console may allow some adults the ability to engage with the environment easier than the Wii console and the more traditional game pads. For some older adults this learning process may be too complicated even though they understand the motion as this relates to the real world for example; if you play golf in the real world you swing a club, this action is virtually the same during game play, with the exception of a button press. In contrast, the Kinect requires no controller and only requires the player to learn a few simple gestures to interact with menus, which could potentially lower the investment required to get older persons playing games. This notion is supported by de Kort et al. [7] , who concluded, "if the investment of seniors to play a digital game (for instance, complex controls that need to be learned) is higher than the return (for instance, enjoyment) then the utility of digital game play will remain zero" (pp. 248).
Limitations were observed which include the limited sample of participants identified from the respective studies, which may have affected the results and conclusions, and it is suggested future work within this area(s) to include larger sample sizes are needed to provide a substantive result. The study designs of the studies are primarily pilot and it seems there has been little or no follow-up work utilizing a prospective or randomized controlled trial (RCT) design to report a precise use of this work. It is suggested this area is broad and the results presented in Table 2 cover several areas whereby technology has been implemented for the physical and social well-being. This paper has identified three gaps, based on the studies presented in the results section, these are:
1. Use of games outside of Wii Sports and Wii Fit; 2. The possibilities for using network play to connect residential communities; and 3. The possibilities for non-gaming use of the Wii in care facilities.
Little work has been published in the area of understanding what type of activities older adults would like to see in games. Furthermore, Marston [22] identified several areas which showed potential for designing and developing games for an ageing society. However, further work is required in this area to gain a greater understanding of the needs and requirements of older users which would include the nature of interaction but also the social, physical and mental attributes which may be facilitated by video game technology.
Conclusions
This paper has outlined some of the current work that has been conducted to assess the use of commercial video game technologies in LTC facilities, concentrating on the common uses: maintaining physical fitness, promoting mental well-being, encouraging social interaction and both physical and mental rehabilitation; including the Wii Sports and Wii Fit games that are being played.
Results show that the Wii can have a positive impact on the physical and mental health of older persons in care facilities. However, due to the limited suitability of studies utilizing the Kinect console it is still difficult to establish the benefits of this hardware/software within this particular environment. Additionally, this paper has outlined several areas for future work to continue and build upon the implementation of games for older adults, including the analysis of games outside of Wii Sports and Wii Fit. Furthermore, the possible use of the non-gaming applications of the Wii and Kinect in LTC facilities.
This paper has highlighted the potential for use of the Kinect in care for older adults, using both gaming and non-gaming applications accessible through the console. Both the Kinect and Wii share similar attributes, but, further exploration is required to assess the potential physical and social impact and interaction viability of the Kinect in older care, home and clinical environments. Due to the Kinect being released autumn 2010, limited work or no has been published in this area, but it is suggestive, this nature of Kinect technology, offers potential users a different approach to engagement and well-being.
